Abstract
Over the recent past interest in regionalism has mushroomed, looking not only at trade but also at foreign investment, macroeconomic, political economy aspects and implications. However, technological regionalism, i.e. whether the process of technology accumulation and diffusion has a regional dimension, has been considered only marginally and indirectly.
This paper offers an exploratory analysis of the regional dimension of technology accumulation and diffusion by looking at both aggregate (country) and sectoral aspects.
Empirical results suggest that regional trade agreements do not necessarily lead to regional knowledge spillover patterns. Regional patterns, however, may be present through vehicles of knowledge diffusion other than trade. National patterns of technological accumulation seem to prevail over the regional dimension. In particular, economies showing a high degree of internationalization seem capable of commanding a substantial amount of knowledge diffusion which may sometimes follow regional patterns. These conclusions are partially confirmed by sectoral estimates, that show that regional patterns of knowledge diffusion are highly sector specific as the knowledge base varies greatly across sectors. National differences in the role of vehicles of diffusion found in the country estimates possibly reflect sectoral rather than national features, as well as different degrees of internationalization of the national economies.
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1.Introduction.
Over the recent past interest in regionalism has mushroomed, looking not only at trade but also at foreign investment, macroeconomic, political economy aspects and implications 1 . However, technological regionalism, i.e. whether the process of technology accumulation and diffusion has a regional dimension, has been considered only marginally and indirectly.
The two geographical dimensions of technology accumulation and diffusion usually considered are the global and the national ones. The first one is associated with a situation of complete knowledge diffusion, the second with the case of full national appropriability of the benefits of knowledge accumulation. The national dimension of technology accumulation and diffusion is also considered in the literature on "National Systems of Innovation" (see e.g. Nelson 1993), which also looks at the interaction between globalization of technology and the institutional characteristics of a country's technological activities.
Is a regional dimension of technology accumulation relevant and worth considering? The literature offers few, yet interesting, suggestions. Grossman and Helpman (1991) show that the geographical concentration of knowledge spillovers may be important in affecting long run comparative advantage and specialization. If spillovers are geographically concentrated some countries can deepen and "lock in" their specialization pattern through cumulative processes, given an initial technological lead. Grossman and Helpman (1991) find this to hold theoretically considering national as opposed to global spillovers. However, if spillovers are less than global, these results may hold for geographically limited areas such as regions. Hence specific regions can deepen their specialization and acquire a technological lead. Breschi and Malerba (1996) study the implications of geographical proximity on the transmission of knowledge according to the characteristics of the knowledge base, itself linked to sector specific characteristics. "The more the knowledge base is tacit, complex, and part of a larger system...the more likely geographical proximity plays a relevant role in facilitating the transmission of knowledge....The more the * Some of the work contained in this paper was carried out when the author was Visiting Research Fellow at the International Trade Division , The World Bank. An earlier version has been presented at the Annual Meeting of the American Economic Association, New Orleans, January 4-7, 1997. Maurice Schiff has encouraged me to develop the arguments discussed as well as several useful comments on earlier drafts. I would also like to thank Luca De Benedicits, Stefano Manzocchi, Carmen Reinhart, and Alan Winters for many useful suggestions and Marco Ceccagnoli for helpful research assistance. Of course they are not responsible for mistakes and omissions. 1 Standard references are De Melo and Panagarya (1993) and Anderson and Blackhurst (1993) relevant knowledge base is codifiable, codified, simple and independent,...the more likely spatial proximity does not play a relevant role in permitting the transfer of relevant knowledge" (p.15)
The rest of this paper offers an exploratory analysis of the regional dimension of technology accumulation and diffusion. Section 2 reviews the existing empirical research on international knowledge flows looking for evidence of a regional dimension. Section 3 provides some evidence of "country aspects" of technological regionalism. Section 4 looks at sectoral aspects. Section 5 concludes and looks at some policy implications.
The evidence
While very few studies explicitly address the issue of technological regionalism, several empirical contributions offer some evidence of geographical patterns of innovation diffusion.
2 In reviewing them it is useful to distinguish between aggregate (i.e. country level) and sectoral aspects.
Country aspects . Ben David and Rahman (1996) look at the issue of convergence in real per capita incomes and find that this is stronger for countries that trade with each other more intensely. Income convergence is related to technological diffusion through trade if one assumes that total factor productivity (TFP) is a proxy for technology. They find support for the hypothesis that trade plays a major role in technology diffusion and that the latter is related to a reduction in the degree of disparities among countries. One implication is that if there is trade regionalism, i.e. trade exhibits regional patterns, there is also some technology regionalism. The trade groups reported by Ben David and Rahman do show some regional aggregation with, e.g. European countries grouped among themselves, Japan grouped with Australia, Korea and the US, and the US grouped with the other countries that show the highest R&D shares (Japan, UK, Germany) as well as with Canada and Mexico.
Similar evidence can be obtained from Coe and Helpman's (1993) calculation of cross countries' elasticities of TFP with respect to R&D capital stocks in the G7 countries. Countries with high elasticties indicate a strong effect of technology diffusion. While the highest elasticities are those with respect to the US, there is also indication of a European regional pattern, with Germany playing the role of regional leader, while Japan holds a similar role for Australia and New Zealand. What these data suggest is that the size of the trading partner is relevant (i.e. smaller countries are more dependent on the foreign stock of R&D than large countries). Coe, Helpman, and Hoffmeister (1994) extend the previous investigation to developing countries. While the R&D spillovers from the US exhibit the highest TFP elasticities, fast growing East Asian countries show the highest elasticities with respect to Japan and large Mediterranean countries such as Egypt and Turkey show the highest elasticities with respect to Germany.
Regional patterns of technology diffusion related to regional patterns in trade are also found by Bayoumi, Coe and Helpman (1996) . They carry out simulation exercises with a multicountry model integrated with the diffusion of R&D stocks through trade, building on previous work by Coe and Helpman (1993) and by Coe, Helpman and Hoffmeister (1994) . Not surprisingly, they find a regional pattern of technology diffusion which closely follows regional trade linkages. While there appears to be a strong intra European R&D diffusion effect (especially within continental Europe) European countries as a group do not generate substantial spillovers towards other countries. Also not surprisingly the US appears to be the only large economy to generate substantial R&D spillovers on all other countries. Nadiri and Kym (1996) carry out a careful analysis of the effects of R&D spillovers on factor demand and on the pattern of trade. They find that the large European countries exchange among themselves a substantial amount of R&D spillovers through imports, with Germany acting as the major net supplier and Italy as the major net beneficiary. Japan and Canada are net beneficiaries as well and the US is a net supplier of technology spillovers among the G7 countries.
Lichtenberg and van Pottelsberghe de la Potterie (1996) provide evidence on the role of outward foreign direct investments (FDI) as vehicles of technology sourcing. The hypothesis they test is that firms locate FDI in technology intensive countries in order to benefit directly from local innovation spillovers. When measuring output elasticities of domestic R&D capital stocks to outward FDI flows the evidence of regional patterns is much more limited; indeed in almost all bilateral relationships investment in the US dominates investment in other countries as a source of technology diffusion. Some regional effects can be found in small European countries with respect to investment in the UK. This evidence is consistent with the view that, along with regional patterns of the organization of trade, an increasing process of globalization of markets through FDI is taking place, especially among the OECD countries (Reinicke 1996) .
The above results suggest a regional effect of technology diffusion linked to trade flows. The question then arises as to whether these effects are determined by the same factors which shape regional trade patterns. Here the evidence is still very limited. Sjoholm (1996) looks at the role of geographical proximity and international trade in the international transfer of knowledge in the case of Sweden. Geographical proximity may be important to the extent that knowledge spreads through informal contacts and these may be limited by distance, as Breschi and Malerba (1996) also find. Distance is found to be related to technology transfers measured by the number of patent citations. However, an extreme bound analysis finds that only trade is a robust explanation of technology transfers. Baldwin and Seghezza (1996) consider the effect of regional agreements on growth induced by technology accumulation: i.e. they look at the reverse causality between regional patterns and technology with respect to the literature reviewed above. They find "weak evidence that EU membership allowed member states to enjoy a higher level of (TFP) ... than they would have otherwise. In other words EU membership led to knowledge-led growth effects" (p.18)
In the above studies technology is measured directly through cumulated R&D expenditure or indirectly through TFP. Archibugi and Pianta (1992, 1994) look at technological convergence using indicators of technological activity such as R&D/GDP and patents/exports. They find that production in advanced countries has become more technology intensive over the last two decades while the group of countries capable of innovating at the frontier of technological specialization has widened. However, they also report increasing divergence among the group of top R&D investors. Finally, they find that size is important in defining the direction of technology diffusion (from large to small countries) not just because smaller countries are, on average, more open to imports than large ones, but also because of differences in the spectrum of specialization.
Sectoral aspects This last point leads us to the issue of the relationship between aggregate outcomes and sectoral determinants. Some authors (Dollar and Wolff 1993) have suggested that increases in TFP are the results of sectoral performance: i.e. aggregate results "hide" sector specific behavior in the sense that convergence in TFP is associated with increasing sectoral specialization. If, in addition, productivity changes are the result of technology accumulation, knowledge is, to a large extent, sector specific. This could be reflected in its geographical diffusion patterns, i.e. while one does not need to observe a general tendency towards technological regionalism this may be present at sectoral levels.
Evidence on international technology specialization (Archibugi and Pianta 1992, 1994) shows that there are important differences between small and large countries. The former specialize only in a limited number of sectors, while no large country (not even the US) enjoys leadership in all technology intensive sectors. A regional pattern of technology diffusion assumes a hierarchical structure in the sense that, on the one hand, diffusion may take a regional dimension, on the other hand smaller countries in the region specialize only in a limited number of sectors in which the region as a whole is specialized.
Looking at technological specialization -measured by sectoral distribution of patents-Archibugi and Pianta introduce a measure of technological distance between pairs of countries, i.e. a measure of similarity between patterns of technological specialization. In this case too, not surprisingly, country size is quite relevant. Larger countries are more similar with one another because they spread technological innovation (as measured by patents) across more sectors, i.e. they are less specialized. Smaller countries are more specialized and they also tend to be technologically closer to the larger country which shares the same sectoral specialization. This pattern can be found also in trade and production specialization (Dollar and Wolff 1993) .
The introduction of sectoral aspects leads to a more varied pattern of technological relations. Archibugi and Pianta show that within Europe, France and the UK are more similar to the US (which is also very similar to Canada), Germany is more similar to Italy and is closer to France and the UK than it is to the US, while its distance from Japan is the highest among the large countries. Italy is close only to Germany and quite distant from the other large EU countries. Spain is close to Germany and Italy and far from the US. Smaller countries such as Belgium and the Netherlands are closer to the UK and France than to Germany. In general, these results suggest that Europe is not an homogeneous technological region. This is consistent also with the results of Caballero and Lyons (1992) who find only weak evidence of sectoral and national externalities among the large European countries. Finally, Japan shows clearly distinct features and is distant from almost every other country.
Results by OECD (1996) also suggest that regional patterns, in the sense of technology flows through trade associated with geographical proximity, are sector specific rather than country specific, i.e. smaller countries acquire embodied technology from large countries that vary according to the sector involved. Italy acquires technology from the US in the computers sector and from Germany in communication equipment, the Netherlands acquires technology from the US in aerospace and computers and from Germany in electrical machinery.
Evidence offered by Breschi and Malerba (1996) also suggests that geographical patterns of technology diffusion vary across sectors because their knowledge base, i.e. whether tacit or codifiable, differs, and so -depending on the sector-geographical proximity may be either highly relevant or indifferent.
In conclusion, a number of overlapping patterns emerge: a) when technology flows are closely associated with trade flows a regional and hierarchical pattern appears as technology flows are more important from large to small countries than viceversa; however, this is clearly the consequence of limiting the analysis to trade as a vehicle of knowledge as this pattern reflects aggregate trade flows (since smaller countries import proportionally more than large countries); b) when vehicles of technology diffusion other than trade, such as FDI, are considered, regional patterns seem to be replaced by a more global pattern where the US is the major source of technology diffusion; c) smaller countries show higher technological specialization than large countries and their technological distance varies by sector, which hints at the relevance of sector specific knowledge flows. In this latter case, too, regional patterns are more difficult to detect.
The evidence discussed above, while encouraging a further examination of the regional dimensions of technology diffusion, does not consider two other closely related issues. One is that any amount of technology diffusion implies a proportion of technology accumulation in the country that receives the new technology in order for the latter to be adapted to the characteristics of the domestic economy. Absorption of foreign technology always implies an amount of domestic knowledge production (Bell and Pavitt 1995), hence, if technology diffusion follows a regional pattern, this should be reflected, at least partially, in the domestic (national) knowledge production process.
The second is that the evidence on regional patterns of technological specialization suggests that regional leaders (large countries) are specialized in a relatively large number of sectors while small countries are specialized only in some sectors. However regional leaders are not specialized in all sectors. Hence, if there are sector specific regional patterns, small countries in one region should be specialized in sectors where also the regional leaders are specialized, although this may depend on the characteristics of the knowledge base. This calls into question the relationship between trade and technological specialization: i.e. to what extent geographical patterns of technological linkages influence, and are related to, the pattern of trade and production specialization.
The next two sections in considering the two aspects above, offer exploratory analyses of geographical patterns of technology accumulation and diffusion, taking into account, at the country level, different vehicles of knowledge diffusion.
Country Aspects
In this section we provide some preliminary tests of the hypothesis that national patterns of technological accumulation and diffusion are influenced by the absorption of foreign knowledge through a regional, as opposed to global, pattern.
We concentrate the analysis on four large European countries, Germany, France, Italy and the UK, and on Japan. The analysis of the European countries is justified by the fact that we consider members of a well established regional agreement for which data on technology accumulation and diffusion are available. So we take into account the effects of both geographical proximity and institutional arrangements on technology accumulation and diffusion. Japan represents a case of an highly advanced economy yet not belonging to a specific trade agreement so that possible regional links are to be related to geographical links (with the US economy) rather than institutional determinants.
We estimate an equation of knowledge accumulation -eq (5) below 3 -embedded in a model of trade specialization and growth (Padoan 1996) , in order to capture the relationships between trade specialization and knowledge accumulation 4 . The logic of the model may be quickly summarized as follows. Consider an economy where firms engage in R&D activities to accumulate knowledge and increase their market shares both in domestic and foreign markets. Goods are differentiated with respect to the relevance of knowledge in determining their demand, which also depends on relative prices. As Maquier and Tojas-Bernate (1994) suggest, the stock of knowledge determines, in a framework of imperfect competition, the non price (quality) determinants of consumers' demand and relative shares in the international market. More specifically, we may assume that the stock of knowledge is a proxy for variety. However, quality influences demand with different intensity across sectors; this is captured by different knowledge elasticities 5 . In the model we follow Pavitt's (1984) taxonomy to group manufacturing goods into four macrosectors. In this taxonomy 6 manufacturing sectors are grouped according to the position each sector holds in the process of knowledge accumulation and diffusion, as well as on the role of knowledge and of other factors in determining performance. Thus this taxonomy, in addition to being quite suitable for the analysis of the interaction between trade and knowledge accumulation, has the advantage of providing an empirical classification of manufacturing sectors. The estimates of parameters of eq. (5) reported in tables 1-5 are the result of the (FIML) estimation of the model described in Appendix 1 where some details about the estimation procedure as well as continuous time econometrics are reported.
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Eq (5) describes knowledge accumulation in the economy as a continuous time disequilibrium process, where the output of the knowledge production process is represented by patents. The (log of) the endogenous variable T adjusts to its (partial) equilibrium value T* . We assume that, while there are different sectors in the 3 The numbering of equation (5) follows the numbering adopted in the full model described in Appendix 1 4 The ambivalent relationship between trade and technology is discussed in Padoan (1996) 5 Amable and Verspagen (1995) find that export shares of goods belonging to different Pavitt macrosectors present different elasticities with respect to prices and technology indicators. This is also found in Padoan (1996) . 6 See the Appendix 1 for more details. economy, the knowledge production process is one and country specific, i.e. that the pool of domestic knowledge is equally accessible to all sectors .
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In an open economy two aspects of the process of knowledge accumulation must be considered, one is related to domestic factors, the other is related to foreign factors affecting knowledge accumulation. Both are relevant since, as mentioned above, absorption of foreign knowledge always requires some form and amount of domestic knowledge production, i.e. domestic and foreign innovative efforts are, to some extent, complementary inputs in the process of domestic knowledge accumulation.
More specifically, the idea behind eq. (5) is the following. The accumulation of the stock of domestic knowledge T is basically determined by a domestic effort, i.e. the partial equilibrium level of T 8 is a function of domestic variables, the domestic stock of R&D expenditure, F, and the "size " of the science based sector in the economy, proxied by its export market share S D 9 . The rationale for F is obviously that R&D represents the most important input in the knowledge production process. The rationale for the second variable is that, according to Pavitt's taxonomy, the science based sector generates an externality in the domestic knowledge production process.
The four foreign variables entering equation (5), the stocks of foreign knowledge T F1, T F2 and the shares of high tech imports S MH1 , S MH2 10 , do not determine directly the partial equilibrium level of T, rather one can think of eq. (5) as being a linear approximation of a non linear form where the adjustment speed α 6 is a function of foreign knowledge variables, i.e. α φ
MHi . Such a formulation implies that the absorption of foreign knowledge, the intensity of which may be thought of being a function of what Abramovitz calls "social capability" 11 (captured by parameters σ i , i=1,..,4), increases the speed of the process of domestic knowledge accumulation. The reason why two different kinds of foreign knowledge variables are included is that the channels of international knowledge diffusion are several (indeed more than two) as we have seen in the previous section 12 . The stocks of foreign knowledge, T F can be thought of as a proxy of sources of knowledge diffusion other than imports.
The hypothesis of regional effects in knowledge diffusion has been tested by disaggregating the share of world imports of high tech goods and the foreign stock of knowledge in two components, a "regional" component, denoted with subscript 1, and a "non regional" component denoted with subscript 2. Regional variables are 7 A more satisfactory approach would be to model sector specific as well as country specific knowledge accumulation processes and study their interaction. We leave this for future research. 8 We define T* as the partial equilibrium level of domestic knowledge as it is determined assuming that the values of the other endogenous variables entering the model, described in Appendix 1, are given. 9 The size of the science based sector should be proxied by the share of domestic production in the sector or, alternatively, by the share of science based exports in total domestic exports, rather than by S D . Model parsimony in the first case and irrelevant differences in estimation in the second case suggested the use of S D , allowing to gain something in analytical and empirical handling, see Padoan (1996) 10 As Keller (1995 Keller ( , 1996 suggests not all imports, but only imports of intermediate goods, are vehicles of technology diffusion. In the context of Pavitt's taxonomy this role is played by the aggregate we have defined as high tech imports, see Appendix 1 11 See Abramovitz (1986) and Ben-David and Loewy (1995) 12 For the case of developing countries see Freeman and Hagedoorn (1994) .
European
13 for the four European cases and US variables for Japan. Non regional variables are, non European and non US variables respectively.
Tables (1)- (5) report the estimated versions of eq. (5). We estimate several versions of eq. (5), proceeding in steps. We first consider the two sources of foreign knowledge separately, testing for differences in the associated parameters. We then try combinations of the two sources of foreign knowledge allowing for the presence of different geographical effects according to the different source of foreign knowledge (e.g. regional effects may be present or relevant when imports are the vehicle of knowledge but may be negligible when other vehicles, as captured by the stock of foreign knowledge, are considered). We finally test for the effect of each of the four foreign knowledge variables separately to assess their individual contribution to domestic knowledge accumulation. We assume the presence of "strong" regional effects when only regional foreign knowledge affects significantly domestic knowledge accumulation. A "weak" regional effect is assumed when both regional and non regional foreign knowledge affects domestic knowledge accumulation, but the former exhorts a stronger effect. Tables (1)- (5) Nagar (1977) . The latter values refer to the FIML estimation of the full model described in Appendix 1.
Discussion is best carried out on a country by country case.
Germany -see table 1-is the only case that shows strong regional effects. The parameter σ 1 is larger than σ 2 , which is also non significant (case 1). The same is true when high tech imports are included in place of the stock of knowledge. This result is confirmed by case (3) where only European variables are included. The case where only non European variables are included presents mostly non significant variables and is not reported. Estimates with only one foreign variable -cases (4)-(7)-suggest that high tech imports rather than the foreign stock of knowledge, capture the foreign spillover effect, consistently with results obtained in Padoan (1996) .
France This case -see table 2-exhibits weak regional effects. Both stocks of foreign knowledge are significant but the parameter σ 1 is significantly larger than σ 2 -case (1). The opposite holds, however, when imports of high tech goods are considered. While both variables are significant, non European high tech imports show a significantly larger parameter with respect to the European high tech imports, see case (2). Regional effects, therefore, seem to depend on the vehicle of knowledge diffusion. This is confirmed by case (4) which includes both stocks of foreign knowledge and non European high tech imports, and which shows the highest CNR 2 value. Versions with only one foreign variables -cases (7)-(10)-confirm the results above. The European stock of knowledge and the non European high tech imports show the best results in terms of parameter values and goodness of fit.
The case of Italy, see table 3, should be classified as one showing weak regional effects, nevertheless such effects appear stronger than the case of France. The parameter σ 1 is significantly larger than σ 2 , case (1), and the same applies when high tech imports are considered, case (2). The best fit is obtained when both stocks of 13 Each time defined so as to exclude the country under investigation. See Appendix 2 knowledge as well as high tech imports are included, case (3). However, in such a case, both σ 1 and σ 2 are not significant. Case (5), which includes T E and S MHE , confirms these results. The strong relevance of high tech imports as vehicles of knowledge diffusion is confirmed in cases (6)-(9). This reinforces the impression that the regional effect of knowledge diffusion works mainly through imports rather than through other vehicles, as already found in Padoan (1996) .
The case of the UK , see table 4, presents rather weak regional effects and suggests that the role of foreign knowledge is much more relevant than that of high tech imports in knowledge diffusion. The value of σ 1 -see case (1)-is significantly larger than that of σ 2 . The same applies for high tech imports -see case (2)-but the associated elasticities are smaller and so is the adjustment speed. The goodness of fit is also less satisfactory. These results are confirmed by the other cases. Estimates including only one foreign variable, cases (7)- (10), confirm the results above. The UK is the only country case where all foreign variables, when included individually in the equation, are significant. This suggests that the pattern of foreign knowledge diffusion for the UK economy is both global (i.e. not strictly regional) and associated with different vehicles.
Japan exhibits "regional" effects in technology diffusion, see table 5, in its linkages with the United States. However these are limited to the role of high tech imports as the stocks of foreign knowledge, both US and non US, are never significant, in accordance with results obtained in Padoan (1996) . The point estimate of σ 3 is significantly higher than that of σ 4 , case (2). This is confirmed by the cases including only one foreign variable -cases (5)- (8)-where the cases including high tech imports from the US shows the best goodness of fit.
In conclusion, all countries show some regional effects of technology diffusion, although only Germany shows what we have defined a strong regional effect. It is interesting to note that, in the cases of France and the UK, regional effects are working through the foreign (European) stock of knowledge and not through high tech imports. Results for Germany and Italy, however, suggest that imports of high tech goods, rather than, or in addition to, other vehicles of knowledge diffusion reveal a regional pattern. The case of Japan also supports the role of trade as a vehicle of knowledge diffusion. Our evidence suggests that regional trade linkages represent only partially a factor of technological regionalism, a result partly at odds with those reported in the literature reviewed above. On the other hand, our results also support the view that vehicles of knowledge diffusion other than trade are relevant in regional linkages, a result that is not usually found in the literature.
Sectoral aspects
In this section we consider sectoral aspects of technological diffusion in order to test whether technological specialization and diffusion is sector specific and whether the results obtained at the aggregate level hide a sectoral dimension. To this purpose we estimate a simple model which links trade and production specialization to technological specialization.
The theoretical underpinnings of the relationship between trade, production and technological specialization are still to be completely developed, yet a number of elements may be singled out: a) we know from "New Trade Theory" (see e.g. Venables 1995, Krugman and Venables 1996) that, as barriers and other impediments to trade decrease, production (and trade) specialization deepens, especially in sectors that exhibit increasing returns; b) trade and production specialization interact with technological specialization, leading to cumulative effects and "lock in" phenomena (Lucas 1988); c) specialization patterns, both in technology and in production and trade, tend to change slowly over time. This is especially true of Europe (Cantwell 1989 , Amendola, Guerrieri, Padoan 1992 ; d) large countries are less specialized than small countries, both in production and in technology (Dollar and Wolff 1993, Archibugi, Pianta 1994) ; e) the extent of technology diffusion varies greatly across sectors (Dollar and Wolff 1993, Breschi and Malerba 1996) ; f) as discussed in the previous section, technological accumulation is the result of both domestic and foreign efforts, hence one should detect a correlation between domestic and foreign technological specialization.
The descriptive continuous time model below tries to capture the elements listed above and, in particular, looks at the issue of whether the relevant foreign technological specialization is located within or outside the region under consideration. DlogIPS = δ 1 (logIPS*-logIPS) logIPS* = logϕ 1 + η 1 logIES (2.1) DlogIES = δ 2 (logIES*-logIES) logIES* = logϕ 2 + η 2 logITS (2.2) DlogITS = δ 3 (logITS*-logITS) logITS* = logϕ 3 + η 3 log IPS + η 4 logITSF (2.3) or, alternatively log ITS*= logϕ 3 + η 3 logIPS + η 5 logITSE Eq. (2.1) says that production specialization in the sector considered, IPS, adjusts to a partial equilibrium value IPS*, which is positively related to export specialization IES, in the same sector. Export specialization, in turn, adjusts -eq. (2.2) -to technological specialization ITS, which is itself adjusting -eq. (2.3) -to both domestic production specialization and to an exogenous index of foreign technological specialization. In the first version ITSF refers to US technological specialization, in the second version ITSE refers to European specialization. As above, D indicates the derivative with respect to time. Model (2.1) -(2.3) has been estimated with simultaneous methods (FIML) for six sectors -aerospace, chemical products (excluding drugs), electrical and electronics, mechanical equipment, motor vehicles, textiles-characterized by different features and degrees of technological intensity and innovation activity and by a different knowledge base. The latter is captured by the index ITS (see Appendix 2 for details) which takes into account both R&D and patenting activity in each sector. The sectors chosen differ substantially with respect to market structure and the presence of technological barriers (Archibugi and Pianta 1992, Breschi and Malerba 1996) . Aerospace, chemicals and electrical and electronics present high barriers to entry in technological investment but also global knowledge boundaries; motor vehicles feature few innovators that are also geographically concentrated with local knowledge boundaries; mechanical equipment presents strong cumulative features in technological accumulation, but also many innovators geographically concentrated with local knowledge boundaries; finally, textiles present high pervasiveness in technological accumulation and diffusion as the many innovators are geographically dispersed with no specific knowledge spatial boundaries.
14 A priori one should expect stronger regional and cumulative effects in motor vehicles and mechanical equipment, and less so in the other sectors.
Results of the estimation of model (2.1)-(2.3) are reported in tables 6-11. We omit discussion of the full results and concentrate on the linkages between domestic and foreign technological specialization, i.e. the estimates of parameters η η 4 and 5 . We consider results by sector confronting different country behavior. Case 1 refers to the version with ITSF (US technological specialization), case 2 refers to the version with ITSE (European technological specialization). The estimates for Japan refer only to the first case. CNR 2 is the Carter Nagar statistics for simultaneous models, see Carter, Nagar (1977) .
Textiles In three European cases, Germany, France and Italy -see table 6-domestic technological specialization is highly correlated to US rather than to European technological specialization. With the exception of the UK, European technological specialization does not seem to exert any significant effect. The case of Japan suggests a strong effect of US technological specialization on domestic technological specialization. In general results seem to confirm the pervasive nature of technology in this sector.
Motor Vehicles
Results for the four European countries -see table 7-suggest a strong influence of European technological specialization on domestic technological specialization. This supports the assumption of few innovators that are also geographically concentrated with local knowledge boundaries. Significant estimates of η 3 , the elasticity of technological specialization with respect to production specialization, confirm the presence of a cumulative interaction between production and innovation activities. Geographical concentration also appears in the case of Japan where foreign (US) technological specialization does not significantly affect domestic technological specialization.
Electrical and electronics
Regional (European) technological specialization -see table 8-influences domestic technological specialization in the cases of Germany, France and the UK. In the latter two cases significant estimates of η 3 , the elasticity of technological specialization with respect to production specialization, confirm the presence of a cumulative interaction between production and innovation activities. In the case of the UK, however, US technological specialization apparently exerts a stronger effect, suggesting global rather than local knowledge boundaries. Finally, no effect of foreign specialization can be found in the cases of Japan and Italy.
Chemicals As expected, the chemical industry does not show any significant effect of regional technological specialization on domestic technological specialization -see table 9 . The case of Germany shows that domestic technological specialization is strongly related to US technological specialization. In this case the point estimate of η 3 , the elasticity of technological specialization with respect to production specialization, confirms the presence of a cumulative interaction between production and innovation activities.
Mechanical Equipment
The US specialization index -see table 10-apparently influences domestic technological specialization in Germany, France and the UK, as well as in Japan. European specialization is also important in the case of Germany. In several cases strong cumulative interaction with technological specialization is present.
Aerospace
US specialization -see table 11-produces a significant influence on domestic specialization in the cases of France and Germany, however European specialization is important in the case of Germany. The estimates for Italy improve dramatically when the European, rather than US, specialization index is included.
In general, estimates support the view that regional effects on technological specialization are sector specific, i.e. some sectors show some regional patterns while these are totally absent in others. Within sectors country patterns are also different and they confirm some of the country results discussed in the previous section. However the a priori expectations about specific sectors' behavior are only partially confirmed.
Conclusions and policy implications
In this paper we have looked for the presence of a regional dimension of technology accumulation and diffusion both at the country and at the sectoral level. Our estimates yield mixed results that are summarized in table 12 X XX X= weak regional effect, XX= strong regional effect Germany, and to a lesser extent Italy, show stronger regional effects both at the country and at the sectoral levels. France and the United Kingdom show weak regional effects at the country level and stronger effects at the sectoral level in the case of motor vehicles, which appears to be the most highly regionalized sector, followed by the electrical and electronic machinery. Interestingly, these two sectors also show a relatively strong interaction between production and technology specialization. As sectoral estimates show, cumulative effects are particularly relevant in chemicals, aerospace and mechanical equipment where regional effects are weak or totally absent. Finally, Japan shows relevant regional links with the US. One point to be stressed is that country effects differ somewhat according to the variable that is used to capture the presence of regional technology patterns, i.e. such patterns may be associated with stocks of knowledge and much less so when high tech imports are considered (as in the cases of France, the UK and Japan).
These results point to the fact that regional trade agreements do not necessarily lead to regional knowledge spillover patterns as much as the literature seems to suggest, at least indirectly. Regional patterns, however, may be present through vehicles of knowledge diffusion other than trade. These conclusions are also partially confirmed by our sectoral estimates, that show that regional patterns of knowledge diffusion are highly sector specific as the knowledge base varies greatly across sectors. National differences in the role of vehicles of diffusion found in the country estimates possibly reflect sectoral rather than national features, as well as different degrees of internationalization of the national economies. These results could also partially explain the puzzle that countries belonging to the same regional agreement (the EU) show different degrees of technology regionalism.
Some general policy implications may be drawn from our results. Preferential trade agreements do not necessarily lead to benefits to their members in terms of stronger technology diffusion. Rather, national patterns of technological accumulation seem to prevail over the regional dimension. In particular, economies showing a high degree of internationalization seem capable of commanding a substantial amount of knowledge diffusion which may sometimes follow regional patterns. One implication is that policies should be developed that strengthen the degree of internationalization of national systems of innovation.
Our results, however, also show strong sectoral effects in regional patterns of technology diffusion. This may be related to linkages between production and technological specialization that are specific to a region. In other cases however -as the results for the motor vehicle sector show-both regions considered, the US and the EU, are strongly specialized in the same sector and yet regional technological effects are present. This apparent contradiction may be explained by the fact that sector specific barriers, such as NTB, standards, local content clauses etc., affect the regional pattern of knowledge diffusion through their effects on trade and international investment decisions. These results suggest that measures affecting markets access may lead to relevant consequences on the extension, and possibly the intensity, of knowledge accumulation and diffusion.
Much further work is needed, both at the theoretical and the empirical level, to establish a clear picture of the geographical patterns of technological accumulation and diffusion. In particular, the relationship between sectoral and country aspects should be further clarified. The preliminary evidence presented here supports the view that different elements -national, regional and global-coexist in the geography of technology accumulation and diffusion. Several policy implications may follow, but not necessarily that regional trade agreements lead to additional benefits in terms of knowledge diffusion. (1)- (4) and (7)- (8) where constrained to take on the values obtained in a preliminary stage of estimation. Eq. (11) was not used in estimation. Eqs. (8a) and (8b) were added to allow for the regional specification of high tech imports. The continuos time model is estimated by taking its approximate discrete analogue as described in Gandolfo (1981) . Stock and flow variables are treated differently according to Gandolfo (1981) . See also Appendix 2.1. TRANSF and RESIMUL programs, developed by Cliff Wymer have been used. 
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log * log log log (log * log ) ( ) log * log log log / log Specialized Suppliers. Innovative activity relates to both process and product innovation and is often the result of consumer-producer interaction leading to special "customer relationships " with other sectors. Competitiveness derives from "quality", mainly understood as the capacity to adapt to the users' needs both in terms of performance and prompt delivery. Sectors include machine tools and scientific instruments .
Science Based. Innovation activity through substantial R&D investment is the main characteristic of these sectors whose competitiveness derives essentially from product innovation success.
R&D performed in these industries typically leads to knowledge spillovers to other sectors which tend to be stronger the closer is the user producer relationship. In this respect science based firms acquire knowledge from other sectors as well as disseminating it. This relationship is usually strong with specialized suppliers firms. Sectors include aerospace industries, computers, telecommunications.
High Tech Imports are defined as total manufactured imports less imports of traditional goods.
Regional High Tech Imports are defined as the observed average share (ω ) of regional imports in total imports of high tech goods Data for exports and imports grouped according to Pavitt (1984) in nominal terms were partly provided by the Italian Institute for Foreign Trade (ICE) and partly elaborated by the author on the NIMEXE data base (Eurostat). Bilateral trade flows were elaborated by the author starting from IMF Direction of Trade Statistics data. The "world" aggregate includes: United States, Japan, Germany, France, Italy, United Kingdom. A detailed classification is available on request from the author. They have been transformed in constant dollar values at 1985 GDP price indices and 1985 PPP dollar exchange rates. The stock of domestic knowledge T is the fractional patent count taken from the US Patent and Trademark Office cumulated on a benchmark initial value. The stock of foreign knowledge T W is defined as T but it includes the sum of patent counts for the countries entering the group defined above less the patent counts for the domestic economy. When the European stock of knowledge is used data for the US and Japan are excluded. P is the real effective exchange rate (source: Bank of Italy) F is the amount of private R&D expenditure transformed in constant dollar values at 1985 GDP price indices and 1985 PPP dollar exchange rates, cumulated on a benchmark initial value and depreciated at the rate of 15 percent a year. (source CNR 1992) The sample period (annual observations) covers 1970-1991. All stocks were measured at the end of period while prices are period averages . All series measured at the end of period were adjusted in order to be consistent with flow data (Gandolfo 1981, equations (30) and (31) of chapter 3). This allows to consider variables which contain both stocks and flows in their definition. The approximate discrete analogue to the continuous model used for the estimation carried out in paragraph 3 was obtained as expounded in Gandolfo (1981) The ITS index varies between zero and ∞. It will be greater than one if country i in sector j is technologically more specialized then other countries. It will be less then one if the country is despecialized. To measure commercial and productive specialization we use the traditional Balassa index, computed with export and production data, respectively:
EXPORT ij PRODUCTION ij S jEXPORTij S j PRODUCTION ij IESij= ----------------; IPS ij = ---------------------S i EXPORT ij S i PRODUCTION ij SiSj EXPORT ij S i S j PRODUCTION ij
Data sources and classifications
Export, production and R&D data for 1973-'90 are taken from the OECD STAN/ANBERD data base (OECD, 1992) , which reports variables in national currencies and current prices. These have been transformed them in dollar real values at 1985 prices, using the GDP price indices of the six countries and 1985 PPP US dollars .
Patent data are taken from the US Patent and Trademark Office data base and represent the number of patents granted by the USPTO according to the inventor countries. These are fractional counts: patents are originally classified by technological groups and then attributed to the industrial sectors which use these technologies. If one invention has more then one industrial sector of destination, only a fraction of this will be assigned to the sectors (e.g. if one patent has three sectors of use, each of these sectors will present one third of patent counts).
